The effect of gravity on neuromuscular perform ance should be measured in most research applica tions and in some clinical assessments. Comparing recorded values of maximal torque generated by knee extensor and flexor muscles using the Cybex® II* isokinetic dynamometer shows that gravity signifi cantly affects the recordings, resulting in an overestimation of active flexor muscle torque and an under estimation of active extensor muscle torque.
The effect of gravity on neuromuscular perform ance should be measured in most research applica tions and in some clinical assessments. Comparing recorded values of maximal torque generated by knee extensor and flexor muscles using the Cybex® II* isokinetic dynamometer shows that gravity signifi cantly affects the recordings, resulting in an overestimation of active flexor muscle torque and an under estimation of active extensor muscle torque.
1, 2 During both endurance and high velocity testing, the relative contribution of gravity to recorded torque values becomes increasingly large as active torque genera tion decreases.
1, 2
The Cybex® II dynamometer with dual channel recorder allows one to record and measure isometric and isokinetic torque and also the specific joint angle at which the torque is produced. One of the advan tages of such a system is that the effect of gravity on measured torque may be calculated. In conducting our research, however, we encountered several diffi culties with the formula for gravity correction pro vided by Lumex, Inc. For instance, when using this formula, we did not obtain the anticipated zero effect of gravity when the force arm was vertical. Also, the mathematical derivation of this formula did not seem fully explained and therefore was unclear to us. 
METHOD
Assume for the purpose of illustrating this tech nique that the muscle groups to be tested are the right knee extensors and flexors. The first step in determin ing the gravity effect is to properly calibrate the dual channel recorder and dynamometer according to the instructions supplied by Lumex, Inc.
2 Next, the torque resulting from the weight of the leg and the input accessories (including input arm) is determined. With the dynamometer speed adjustment set at 30°/sec, the extremity to be tested is secured to the input arm and held passively in full knee extension by the tester. The subject is asked to completely relax the extremity, which is then released by the tester. The subject must allow the extremity to fall passively against the re sistance offered by the dynamometer. Simultaneous recordings are made 1) of the torque generated by the passive flexion of the leg and the weight of the input accessories and 2) of the knee angle at which the recorded torque is produced (Fig. 1) .
As the leg falls passively, at any angle of knee flexion (θ 1 ), the torque (T g θ 1 ) caused by the force of gravity (F g ) is equal to the component of the gravi tational force that is perpendicular to the moment arm (F g Cos θ 1 ) times the length of the moment arm, r (Fig. 2) ; that is, 
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Fig. 1. Sample recording from the Cybex® II dual chan nel recorder. Upper trace is a recording of torque gen erated as the limb is allowed to fall passively at 30°/sec. Lower trace is a recording of the knee angle as the limb falls from full extension (Appendix).
Because the torque may be obtained directly from the chart recorder, the actual gravitational force acting on the leg and the input arm may be determined using the following formula:
(2) During a testing situation in which the subject is asked to contract the muscles with maximum effort, the recorded torque value at any angle of flexion is composed of a component resulting from actual mus cle contraction and a component resulting from grav itational force acting on the leg and the input acces sories. The relative contribution of each of these components is a function of the angle (θ 2 ) at which the recording is made.
Fig. 2. Gravitational torque (PASSIVE) and combined gravitational and active muscular torque (ACTIVE
Fig. 3. Sample recording from the Cybex® II dual chan nel recorder. Upper trace is a recording of torque gen erated during maximal knee extension and flexion at 60°/ sec. Lower trace is a recording of the knee angle during active contraction (Appendix).
Because the gravitational force calculated from formula 2 for passive leg flexion is constant, its con tribution to torque recorded at any given angle (θ 2 ) for an active maximum effort contraction can be calculated. By combining formula 2 with the follow ing equation of torque for active maximum effort contraction (T g θ 2 ), the relative torque contribution due to gravity can be obtained: recorded torque measurements produced by muscle groups facilitated by gravity.
DISCUSSION
In the example we have provided in the Appendix (normal subject), failure to account for the effects of gravity would result in an error of 4 percent for the knee extensor muscle group and an error of 15 percent for the knee flexor group. Under conditions that result in small torque recordings-for example, high veloc ities, fatigue, and pathology-the error would be substantially increased.
In summary, we have found this technique to be a simple and accurate method to correct torque record ings for gravitational effects, thus providing a more accurate assessment of neuromuscular performance.
